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(57) ABSTRACT 

In the motor assembly of a pump in Which a magnetic rotor 
is balanced on a spherical bearing projecting into an axial 
cavity of said rotor assembly, the bearing surface inside the 
cavity is shaped and dimensioned to stabilize the rotor 
assembly in the presence of diverging magnetic forces 
generated by the permanent magnets forming the core of the 
rotor. 
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SPHERICAL BEARING FOR ELECTRICAL 
MACHINES WITH PERMANENT MAGNETIC 

ROTORS 

FIELD OF THE INVENTION 

[0001] This invention relates to rotating electrical 
machines in Which the rotor comprise a permanent magnet, 
and more particularly to those motors in Which the rotor is 
supported by a spherical bearing engaged into an axial 
cavity of the rotor. 

BACKGROUND OF THE INVENTION 

[0002] In an electrical machine Wherein the rotor com 
prises a permanent magnet and a bearing cap pivotally 
supported by a magnetiZed rotor is a stationary bearing ball 
mounted on the tip of a pillar or post that is engaged into a 
cylindrical axial channel of the rotor, the bearing cap has a 
hole at its apex so that part of the pump ?uid can leak 
through it to lubricate the bearing surfaces. The portion of 
the cap Which is in contact With the ball, thus, de?nes a 
truncated hemispherical or frusto-spherical Zone having at 
its top, the small diameter of the hole and at its base, a 
diameter closely matching the diameter of the ball so that 
small radially-directed forces can be absorbed. In prior art 
spherical motors Where the permanent magnetic forces are 
generated by the stator Winding, the magnetic lines of force 
run substantially parallel to each other across the air gap 
betWeen the magnetic poles of the stator. These lines remain 
parallel even When the rotor moves eccentrically. The par 
allel magnetic forces have no tendency to increase the 
eccentric deviation of the rotor. HoWever, in motors in Which 
the rotor is formed by a strong permanent magnet, the 
magnetic lines of force across the air gap betWeen the rotor 
and the stator folloW divergent paths. If the rotor has a slight 
eccentricity, the magnetic pole Which as moved closer to the 
stator is subject to increased magnetic forces While the 
opposite pole experiences a decrease in magnetic pull. This 
unbalance of forces exacerbates the deviation and tends to 
break the even and balanced contact betWeen the bearing cap 
frusto-spherical Zone and the ball. The axis of the bearing 
cap no longer matches that of the ball. The cap also tends to 
move axially aWay from the cap. Asimilar instability occurs 
in machines of the prior art every time the roto moves in 
such an axial Way as may be caused, for instance, by a shock 
or other rapid acceleration. 

[0003] This invention results from attempts to correct the 
aforesaid instability in machines With permanent magnet 
rotors. 

SUMMARY OF THE INVENTION 

[0004] The principal and secondary objects of this inven 
tion are to provide a rotor bearing con?guration, in motors 
using a strongly magnetiZed rotor, that can Withstand an 
even correct uniform bearing frictions due to slightly radi 
ally eccentric and axial movements of the rotor. 

[0005] These and other valuable objects are achieved by 
providing a bearing surface for a single-ball bearing, or any 
other bearing structure having a hemispherical surface, that 
de?nes a cylindrical portion capped by a frusto-spherical 
sector Whose radius is equal to the ball radius plus a desired 
clearance. An apical aperture having a radius of equal to 
approximately 60% of the ball radius alloW lubricating ?uid 
to reach the bearing surface. 
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BRIEF DESCRIPTION OF THE DRAWING 

[0006] FIG. 1 is a cross-sectional vieW of an electrically 
driven pump assembly having a spherical motor With a 
permanent magnetic rotor; 

[0007] FIG. 2a is a diagrammatical illustration of the 
magnetic forces of a ?eld-magnetiZed motor of the prior art; 

[0008] FIG. 2b is a diagrammatical illustration of the 
magnetic ?eld created by a permanent magnet rotor; and 

[0009] FIG. 3 is a cross-sectional vieW of a bearing 
according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

[0010] Referring noW to the draWing, there is shoWn in 
FIG. 1, in a centrifugal pump, a motor assembly having a 
rotor 1 made of a strong permanent magnet, a Winding 2 
positioned betWeen the rotor and a soft magnetic yoke 3. The 
yoke is preferably made of particles of ferro-magnetic 
material coated With a non-conductive substance, such as an 
oxide. The pump impeller 4 is secured to the rotor, and both 
units are supported by a single bearing ball 5. The ball is 
mounted at the tip of a post 6 engaged in an axial cylindrical 
channel 7 opening as a cavity in the loWer axial end 8 of the 
rotor. The upper and opposite axial end of the rotor 1 mounts 
the impeller 4. The peripheral Wall 10 of the rotor de?nes a 
frusto-spherical surface betWeen the loWer axial end and the 
upper axial end. It should be understood that this surface 
could be axially linear, in other Words, de?ne a frusto 
conical surface. It could also de?ne an axially non-linear 
surface such as a parabolic or other arcuate but non-spheri 
cal surface. The Winding 2 and soft magnetic yoke 3 de?ne 
an annular stator 11 Whose inner surface 12 mirrors the outer 
face of the motor periphery 10. A Watertight septum 13 
having a frusto-spherical portion 14 extending into the air 
gap betWeen the rotor and the stator, separates the area of the 
pump 15 inundated by the conveyed ?uid from the area 16 
beloW it occupied by the stator. The bearing mounting shaft 
6 projects from the center of a ?at portion 17 of the septum. 
The axial channel of the rotor is cylindrical and has a 
diameter larger than the diameter of the pillar and bearing 
ball except for the area constricted by the presence of the 
bearing cap 30 contacting the ball 5. Aresiliently compress 
ible air chamber 19 partially made from a ?exible diaphragm 
20 is used in the upper part of the pump housing to absorb 
volumetric change of the conveyed ?uid resulting from 
temperature variations. 

[0011] In a conventional motor of the prior art illustrated 
in FIG. 2a, the magnetic ?eld is created by the coils 21-24 
of Windings positioned around a ring stator 25. The magnetic 
forces 26 tend to run almost parallel to one another toWard 
the rotor 27. 

[0012] In a pump motor such as the one above-described, 
Where the ?eld is generated by a strong permanent magnet 
forming the rotor 27, the magnet lines of force 28 that run 
betWeen the rotor and the soft magnetic yoke 29 are not all 
parallel to one another but folloW the divergent, arcuate 
paths as illustrated in FIG. 2b. 

[0013] In case of a small eccentricity in the position of the 
rotor, at least one magnetic pole of the rotor moves close to 
the magnetic yoke 29 While the opposite magnetic pole 
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moves away from it. This creates an unbalance in the axial 
magnetic forces applied to the rotor Which exacerbates the 
unbalance. The effects of that unbalanced condition are 
eliminated by the geometry of the bearing cap according to 
the invention. 

[0014] Such a bearing cap 30 inserted in the axial channel 
7 and illustrated in FIG. 3, is shaped and dimensioned to rest 
against the surface of the bearing ball 31. The bearing 
surface of cap 32 de?nes a hemispherical sector capping at 
the end of a cylindrical portion 33 Whose radius 37 is equal 
to the radius 34 of the ball plus any desired clearance 36. The 
apex 38 of the hemispherical bearing surface is de?ned by 
an axial bore hole 39 Whose radius 35 is approximately equal 
to 60% of the ball radius 34. This bore hole alloWs some of 
the ?uid conveyed by the pump to reach the ball and bearing 
surface 32 for lubrication purpose. 

[0015] It should be understood that the bearing surface in 
contact With the ball can be de?ned by the Wall geometric of 
a portion of the rotor axial channel rather than by a bearing 
cap insert. Similarly, the ball can be replaced by an hemi 
spherical tip at the upper end of the post. These being 
obviously equivalent bearing structures. 

[0016] While the preferred embodiments of the invention 
have been described, modi?cations can be made and other 
embodiments may be devised Without departing from the 
spirit of the invention and the scope of the appended claims. 

What is claimed is: 
1. A rotating electrical machine Which comprises: 

a rotor including a permanent magnet and having an axial 
channel; 

a stator including a magnetic yoke and a Winding; 

a post having a cap axially engaged into said channel; 

a bearing ball of a given radius, said ball being positioned 
on said tip; 

a portion of said channel comprising a hemispherical 
bearing surface capping said portion, said cylindrical 
portion and bearing surface having a radius equal to 
said given radius plus a desired clearance; 

said ball being engaged into said portion and bearing 
against said hemispherical bearing surface. 

2. The machine of claim 1, Wherein said spherical bearing 
surface has an apical aperture of a radius approximately 
equal to 60% of said given radius. 

Nov. 20, 2003 

3. The machine of claim 1, Wherein said rotor assembly 
comprises: 

a plurality of radially oriented magnetic poles; 

an upper circular axial end surface of a given diameter; 

an opposite loWer axial end surface of a smaller diameter 
than said given diameter, said loWer end surface having 
said post engaged therefrom; 

a peripheral Wall surface. 
4. The machine of claim 3, Wherein said peripheral Wall 

surface is axially non-linear. 
5. The machine of claim 4, Wherein said peripheral Wall 

surface is arcuate. 
6. The machine of claim 5, Wherein said peripheral Wall 

surface de?nes a frusto-spherical sector. 
7. The machine of claim 3, Wherein said stator has an 

inner Wall surface spaced apart from, and mirroring said 
peripheral Wall surface; and 

said Winding is secured to said inner Wall surface. 
8. The machine of claim 7, Which further comprises a 

Watertight septum having a ?rst section extending betWeen 
said Winding and said rotor and a base section extending 
under said loWer end surface of said rotor assembly; and 

Wherein said post projects from said base section into said 
axial channel. 

9. The machine of claim 8, Wherein said yoke comprises 
particles of ferro-magnetic material coated With an electri 
cally non-conductive substance. 

10. In the manufacture of an electrical motor including a 
magnetiZed rotor surrounded by an annular stator compris 
ing a magnetic yoke and a Winding; 

Wherein said rotor is balanced on a spherical bearing of a 
given radius, said bearing including a hemispherical 
surface positioned at the tip of a mounting post engaged 
into an axial channel in said rotor, an improvement 
Which comprises: 

shaping and dimensioning a bearing surface in said cavity 
into a spherical sector having a base radius equal to said 
given radius plus a desired clearance dimension. 

11. The improvement of claim 1, Wherein said hemisperi 
cal bearing surface is truncated and ahs an apical aperture of 
a radius approximately equal to 60% of said given radius. 

* * * * * 


